A novel TiO 2 loaded with Ag photocatalyst covering on a modified fiber surface was prepared by coordination-hydrolysis combined with a photo-reduction process. Samples were characterized by X-ray powder diffraction (XRD)， field emission scanning electron microscope (SEM), X-ray photoelectron spectroscope (XPS) and ultraviolet visible diffuse reflectance spectra (UV-vis DRS). Compared with powder TiO 2 , the TiO 2 /amidoxime fiber (TiO 2 /AOF) and Ag/TiO 2 /amidoxime fiber (Ag/TiO 2 /AOF) exhibited a significant absorption edge of red-shift from ultraviolet to visible light region. The samples' visible-light photodegradation activities were investigated and the results showed that the Ag/TiO 2 /AOFs exhibit excellent photocatalytic activities-about 99% decomposition rate of Rhodamine B with 100 minutes of visible light irradiation. The catalyst exhibits excellent catalytic activity and is easily recovered and reused.
INTRODUCTION
Over the past decades, TiO 2 has attracted considerable attention in environmental and energy fields owing to its low cost, low toxicity, high stability, high catalytic activity and biocompatibility [1] [2] [3] [4] [5] . However, a distinct shortcoming of pure TiO 2 is the low utilization of solar light and the low photon rate because of its wide band gap [6] . To overcome these drawbacks, many techniques aimed at modification of the TiO 2 have been investigated. These include creating composites with other semiconductors [7] or doping with metal [8] [9] [10] and nonmetal elements [11, 12] . Recently, the study showed that the co-doped TiO 2 exhibited higher photocatalytic activity than that of the TiO 2 doped with single ion [13] [14] [15] .
In most studies, preparation of active TiO 2 doped with metal elements usually requires high temperatures [16, 17] . TiO 2 doping with metal elements at room temperatureis rarely reported. TiO 2 photocatalyst research has recently developed in the directions of high activity and high utilization [18, 19] . However, TiO 2 photocatalysts are difficult to separate, which greatly affects the recycling rate [20, 21] .
To enhance the separation ability of TiO 2 photocatalysts, TiO 2 has been adhered to the substrate of a modified fiber. In this work, the coordination-hydrolysis method was used to construct the TiO 2 film on the modified fiber surface. Here, the fiber not only acts as the ligand of the catalysts but also acts as the carrier. The photocatalytic activities of the catalysts were evaluated by using Rhodamine B (RhB, C 28 were filtered off, washed with distilled water for several times and dried. Subsequently, AOFs (1 g) and TiCl 4 solution (500 mL, 7.11 M) were stirred at room temperature for 1 h and then 45 ºC for 5 h. The TiO 2 /AOF was washed by distilled water several times. Finally, TiO 2 /AOF (0.05 g) and AgNO 3 (30 mL, 2.5 mM) were stirred at room temperature for 50 min in the absence of light and the Ag + /TiO 2 /AOF was washed with distilled water several times and dried in sunlight to obtain Ag/TiO 2 /AOF. TiO 2/ TiCl 4 solution (500 mL, 7.11 M) was stirred at room temperature for 1 h and then 45 ºC for 5 h and the resulting sample was washed by distilled water so as to be neutral and dried at 40 ºC for 24 h to obtain pure TiO 2 .
Characterization
Powder X-ray diffraction (XRD) patterns were collected using a Bruker AXS-D8X X-ray diffractometer with Cu Kα radiation. Scanning electron microscope (SEM) characterizations were performed on a Hitachi S-4800 Scanning electron microscope. Elements on the surface of samples were analyzed by X-ray photoelectron spectroscopy (XPS). The ultraviolet visible diffuse reflectance spectra (UV-vis DRS) of the as-synthesized samples were recorded on a Shimadzu UV-2550 spectrophotometer equipped with an integrating sphere and using BaSO 4 as the reference.
Photocatalytic Tests
The photodegradation of RhB was carried out in an aqueous solution at room temperature using a 500 W arc Xenon lamp as a simulated solar light source. The photocatalyst (0.1 g) was added into a 100 mL RhB solution (10 mg/L). Before visible-light irradiation, the solution was magnetically stirred for 1 h to reach the adsorption equilibrium in darkness. After that, the solution was exposed to visible-light irradiation under magnetic stirring. At given time intervals, 5 mL aliquots were sampled and centrifuged to remove the photocatalyst particles. Then, the filtrates were analyzed by recording variations of absorption band maximum (553 nm) in the UV-vis spectra of RhB by using a Shimadzu UV2501PC spectrophotometer. Figure 1a shows the X-ray diffraction pattern of the AOF. A significant diffraction peak is centered at 18°; this can be indexed to the cubic phase of AOF [22] . Figure 1b shows the X-ray diffraction pattern of TiO 2 /AOF and Figure 1c shows the X-ray diffraction pattern of Ag/TiO 2 /AOF, which also shows a strong diffraction peak centered at 18°, with no other peaks present. (Figures 3a, 3b, 3g) , TiO 2 /AOF (Figures 3c,  3d, 3h ) and Ag/TiO 2 /AOF (Figures 3e, 3f, 3i) . As can be seen in Figure 3a and Figure 3b , the surface of AOFs is very smooth. When the AOFs surface is covered with TiO 2 , many nanoparticles with the mean size about 40 nm appeared (Figure 3c and 3d) . As the TiO 2 /AOFs are loaded with Ag, many particles with diameters around 200 nm are present on the surface of TiO 2 (Figure 3e and 3f) . Further evidence of the chemical composition of the Ag/TiO 2 /AOF architectures is obtained by the X-ray photoelectron spectroscopy (XPS) technique. The full-spectrum XPS scan of the Ag/TiO 2 /AOF sample is shown in Figure 4A . The Ag/TiO 2 /AOF sample contains Ag, Ti, N, O, Cl and C elements. The emergence of the Cl element can be ascribed to residual chlorine from the precursor solution. Figure 4B -4E show the high-resolution spectra of the N 1s, Ti 2p, Ag 3d and O 1s regions, respectively. In Figure 4B , it is obvious that the N 1s consists of two peaks with binding energies 398.1 eV and 399.8 eV, corresponding to the two different nitrogen atoms in amidoxime groups [22] . From Figure 4C , the binding energy of Ti 2p peak is located at 457.8 eV, which can be attributed to Ti 4+ . In Figure 4D , the Ag 3d 3/2 peak is divided into three different peaks at 372.5 eV, 374.7 eV and 377.5 eV, and the peak of Ag 3d 5/2 is divided into 366.6 eV, 368.7 eV and 371.5 eV. The Ag 3d 3/2 and Ag 3d 5/2 peaks at 374.7 eV and 368.7 eV are attributed to metallic Ag. The spin energy separation of 6 eV between the two peaks further indicates that zero valent Ag 0 exists in the Ag/TiO 2 /AOF [23, 24] . The Ag 3d 3/2 and Ag 3d 5/2 peaks are identified at 372.5 eV and 366.6 eV, respectively, suggesting the presence of the Ag + , and indicating the formation of AgCl on the Ag/TiO 2 /AOFs [25] . The additional peaks at 377.5 eV and 371.5 eV, indicate that the Ag(I) ions combine with amidoxime groups [26] . In Figure 4E , the O 1s is divided into three different peaks at 529.2 eV, 531.0 eV and 533.2 eV. The peak at 529.2 eV could be ascribed to O 2- [23] , 531.0 eV to the hydroxyl group in AOFs, and 533.2 eV to interactions between oxygen groups of amidoxime groups and metal ions [26] . The optical properties of all samples were examined by UV-vis diffuse reflectance spectroscopy as shown in Figure 5 . Only a single, strong absorption in the UV region can be observed for pure TiO 2 , due to the inherent band-gap absorption. Significant http://www.jeffjournal.org Volume 11, Issue 1 -2016 photo absorption edges for TiO 2 /AOF are observed at wavelengths of 610 nm, suggesting a visible response. Incorporation of Ag into the TiO 2 /AOF shifts the absorption edge, to wavelengths greater than 610 nm. The red shift of the absorption edge for the doped samples indicates that: Ag loading separated the photo generated electrons and holes. Among the three samples, Ag/TiO 2 /AOF showed the highest absorbance in the visible-light range. Ag/TiO 2 /AOF showed almost twice the absorbance of the TiO 2 /AOF. This may be due to the increase of in the number of defects in the band gap of the co-doped sample. To further investigate the effect of the Ag modification, the PL spectra of TiO 2 /AOFs and Ag/TiO 2 /AOF were obtained (Figure 6 ). PL spectra reveal the migration, transfer and recombination processes of photo-generated electron-hole pairs in semiconductors. The PL intensities of these samples follow the order: TiO 2 /AOFs > Ag/TiO 2 /AOF in Figure 6 . The figure indicates that an appropriate amount Ag and N can reduce the recombination rate of photo induced electrons and holes for TiO 2 . Under visible light irradiation, the generated number of photoelectrons of Ag/TiO 2 /AOF is much more than that of TiO 2 /AOF. Thus, we speculate that the efficiency of Ag loading on decreasing the recombination of electrons and holes is close to the amount of photo-induced electrons and holes [27] .
RESULTS AND DISCUSSION Characterizations

Photocatalytic Evaluations
The photocatalytic activities of the as-synthesized samples were evaluated using RhB as target molecule under visible light irradiation. Figure 7A displays the temporal evolution of the spectra changes during the photodegeration of RhB mediated by Ag/TiO 2 /AOF under visible-light irradiation. It displays a rapid decrease of RhB absorption at 553 nm and an absorption band shift toward the blue region, which indicates the degradation of the dye and removal of ethyl groups. http://www.jeffjournal.org Volume 11, Issue 1 -2016 Figure 7B shows the photocatalytic degradation efficiency of RhB by different photocatalysts with otherwise identical conditions under visible-light illumination. The results demonstrate that in the presence of pure AOFs, RhB can't be degraded under visible-light illumination. Ag/TiO 2 /AOFs can degradate RhB after 100 min and the degradation rate can achieve almost 100%, higher than that of TiO 2 /AOFs (60.1% for RhB) and pure TiO 2 (22.3% for RhB). This indicates that Ag loading is an effective way to improve the photocatalytic activity, which can be attributed to the narrow band gap and intense absorption in the visible-light region. To evaluate the stability of the photocatalytic performance of the Ag/TiO 2 /AOF, which is an important factor in practical application, the circulating runs of the photocatalytic degradation of RhB under visible light were checked. Photocatalytic reaction experiments conducted under the same experimental conditions, with a the reaction time of 100 minutes. As shown in Figure  8A , the photocatalytic activity does not exhibit any obvious loss after ten cycles of photodegradation of RhB, indicating that the Ag/TiO 2 /AOF photocatalyst possesses good stability. One of the obstacles restricting the application of the photocatalysis technology for industrial use is the separation and recollection of catalyst particles form the suspension system. As shown in Figure 8B , the Ag/TiO 2 /AOFs photocatalyst is floating in the solution after photocatalytic treatment of RhB. Therefore, the Ag/TiO 2 /AOFs photocatalyst not only retains high photoactivity but also can be recycled easily from the reaction media. 
CONCLUSION
In summary, a novel TiO 2 loaded with Ag photocatalyst covered on the AOF surface is prepared by coordination-hydrolysis combined with photo-reduction. Compared with powder TiO 2 , TiO 2 /AOF and Ag/TiO 2 /AOF exhibited a significant absorption edge red-shift from the ultraviolet to the visible light region. The electron-hole recombination can be effectively inhibited on the Ag/TiO 2 /AOF sample, which may be a result of the formation of new band gap level by Ag doping. The Ag/TiO 2 /AOF shows higher photocatalytic activity than TiO 2 /AOF under simulated sunlight irradiation, indicating that an interaction between AOF and metallic Ag is responsible for the higher photocatalytic activity. It is important that the Ag/TiO 2 /AOF photocatalyst not only retains high photoactivity but also can be recycled easily from the reaction media. This study shows that the Ag/TiO 2 /AOFs photocatalyst has great potential application to the resolution of energy and environmental issues.
